Objective. The objective of this study was to determine the effect on productive performance and carcass characteristics in lambs fed with different amounts of palm kernel cake. Material and methods. Thirty-two Santa Inês lambs, with an initial live body weight of 24.8 ± 3.59 kg were used. Treatments consisted of four levels (0; 6.5; 13.0 and 19.5%) of palm kernel cake added to the dry matter diet. Lambs were fed for 80 days, and then slaughtered to be evaluated for the quantitative characteristics of the carcass. Results. Intake of dry matter and non-structural carbohydrates decreased with increasing levels of palm kernel cake. The intake of neutral detergent fiber showed a linear increase. Crude protein and total digestive nutrient intake were not affected. Weight gain, and the feed:gain ratio of dry matter, organic matter, crude protein and total digestive nutrients were similar among the four treatments. There was an increase on the feed:gain ratio of neutral detergent fiber and a decrease of nonstructural carbohydrates. The weight gain at slaughter and biometric measures were not affected by treatment. The carcass compactness index showed a linear decrease. The indexes of leg muscularity, compactness of the leg and rib eye area were similar among treatments. There was a linear decrease in the cold carcass weight and commercial yield of the carcass. Conclusions. The diet made of up to 19.5% palm kernel cake reduced DM intake, the carcass compactness index and carcass commercial yield, but did not alter weight gain, or feed dry matter intake.
INTRODUCTION
Sheep husbandry in the northeast of Brazil has huge socio-economic importance and is focused primarily on meat production (1) . There are about 15 million ovine in Brazil, of which 58% are concentrated in the northeast of the country (2) . The herd is composed mainly of undefined breeds, followed by Santa Inês, Morada Nova and Somalis Brasileira breeds (3) . There is an increasing demand for qualitative characteristics in lamb meat, such as low levels of fat, according to consumer preferences.
Live body weight is the most important aspect in the market. However, for better interaction between producers and consumers, it is essential to have information on the percentage of cuts and other parts related to the weight of the animals and the quality of the product (4).
The best carcass is one that has the maximum proportion of muscles and bones and the minimum proportion of fat, according to consumer preference. However, there should be sufficient fat to ensure that the meat is succulent and can be well-presented and conserved (5) .
The costs of energy and protein concentrate diets are increasing, highlighting the need for alternative lower cost, good quality food that will maintain the productivity of livestock herds. In Brazil, there are several by-products that are compatible with traditional systems and can be used efficiently to feed lambs to achieve meat production quality (6) (7) (8) .
The processing of seeds generates a considerable amount of by-products that need to be evaluated as alternative sources for animal feed (9) and aggregate income for small producers, such as palm, sunflower, peanut and soybean. In Bahia State, palm kernel cake (Elaeisguineensis), which is derived from the milling and extraction of oil to produce biodiesel, is produced in large quantities (10). Therefore, it could be used in animal feed, with the capacity to meet the nutritional requirements of ruminants (11) .
The objective of this study was to determine the productive performance and carcass characteristics in lambs using different amounts of palm kernel cake in the diet.
MATERIAL AND METHODS
Study site. This study was conducted in the sheepfold of the Veterinary Medical School of Federal University of Bahia, Ondina Campus, Salvador City, Bahia State.
Animals and treatments. Thirty-two Santa Inês non-castrated male lambs, 4 to 6 months old and weighing 24.8 ± 3.59 kg were randomly allocated by replicate (8) into 4 palm kernel cake diet groups: group 1: 0.0%, group 2: 6.5%, group 3: 13.0% and group 4:19.5%. Animals were vaccinated, housed in individual pens (1.0 x 1.0 m) AND weighed at the beginning of the experiment and then every 2 weeks until day 80. Diets were offered twice daily (9:00 and 16:00 hr) as total mixed ration, with the quantity adjusted to ensure 10% to 20% of leftovers. The concentrate contained corn meal, soybean meal, palm kernel cake and mineral premix for specific commercial sheep.
Daily samples of food and leftovers were collected, identified and stored at -10°C.
Dry matter (DM), crude protein (CP), ether extract (EE), ash, neutral detergent insoluble nitrogen (NIDN) and acid detergent insoluble nitrogen (ADIN) were determined according to AOAC (12) . The contents of neutral detergent fiber corrected for ash and crude protein (NDFap), acid detergent fiber (ADF), hemicellulose, cellulose and lignin were determined according to Van Soest et al (13) and the percentage of nonstructural carbohydrates (NSC) according to the following equation to Sniffen (14) :
The chemical composition of the ingredients and diets is presented in table 1 and 2.
On the day 80 of the experiment, animals were fasted for 16 hours, weighed and slaughtered (BWS). Lambs were stunned with an electric shock in the atlas occipital region, and bled through a section of the carotid artery and jugular. The blood was collected in a plastic bag and weighed. The gastrointestinal tract was individually weighed; both full and empty, to determine the gastrointestinal content (GIC) and empty body weight (EBW). After removal of the head and members, the hot carcass (HCW) was weighed and the following morphometric characteristics assessedinternal carcass length (ICL): distance from the front edge of the pubic bone to the front edge of the first rib on its midpoint; external carcass length (ECL): distance from cervical-thoracic articulation to the first Table 2 . Chemical composition of experimental diets.
¹ % of dry matter.
intercoccigean articulation; length of the leg (LL): distance from the greater trochanter of the femur to the edge of the tarsalmetatarsal articulation; width of the rump (WR): trochanters between the maximum width of the femur; perimeter of the rump (PR): in the perimeter region of the hip based on the femurs' trochanters; perimeter of the leg (PP): based on the middle leg, femur, above of the knee articulation; and perimeter of the thorax (PT): contour behind the shoulder, according to the methodology described by Yanez et al (15) .
Carcasses were cooled at 4°C for 24 hours, and were then weighed to determine the cold carcass weight (CCW). The commercial yield of the carcass was determined by equation (CYC=HCW/EBWx100) and the refrigeration yield by (RY=HCWx100). The carcasses were then split longitudinally, at the midline, into two antimers, and the left half-carcass was sectioned into five anatomical regions: leg, loin, ribs, shoulder and neck, following an adaptation of three methodologies (16-18). The carcasses were then cut between the 12th and 13th ribs to determine the rib eye area (REA) through appropriate pen on transparent plastic film. The rib eye area was determined by means of a ruler, the maximum width (A) and maximum depth (B) being used in the formula REA=(A/2*B/2)∏. The carcass compactness index (cold carcass weight divided by the internal length of the carcass) and compactness of the leg (rump width divided by the length of the leg) were calculated (19) .
The legs were wrapped in plastic bags and kept at -10°C for later dissection (20) . Before dissection, the legs were thawed at 10°C for 20 hours, within the plastic bags, after which any extra tissue (blood vessel, subcutaneous and intermuscular fat) was withdrawn. The femoral biceps muscle, semitendinosus, adductor, semimembranosus and quadriceps femoral were separated and individually weighed. The index of muscularity of the leg was calculated by the formula described by Purchas et al (21) : IML=[(WM5/LF/LF] 0.5, where WM5 is the weight in grams (g) of the five muscles that cover the femur (femoral biceps, semitendinosus, adductor, semimembranosus and quadriceps femoral), and LF is the length of the femur in cm.
Data analyses. Data were randomly allocated by replicate (8) and analyzed by one way ANOVA (Analysis of Variance) and regression, using the statistical package SPSS (22) .
RESULTS
DM intake, the consumption of nonstructural carbohydrates decreased (p<0.05) in response to dietary addition of palm kernel cake ( Table 3 ).
The consumption of NDF increased (p<0.05) as the proportion of palm kernel cake increased in the diet. TDN intake was not affected by the amount of palm kernel cake in the diet ( While, morphometric measures were not influenced by the addition of palm kernel cake, the carcass compactness index decreased ( Table 5 ).
The inclusion of palm kernel cake in the diet of lambs reduced the cold carcass weight and commercial yield of the carcass but had no effect on slaughter weight, empty body weight. Yield of refrigeration, weight of the leg and shoulder decreased with the inclusion of palm kernel cake in the diets (Table 6 ). There was no effect observed for the cuts expressed as percentages (Table 7) . Macome -Productive performance and carcass characteristics of lambs Table 5 . Morphometric measures and carcass index of lambs fed diets containing different levels of palm kernel cake.
DISCUSSION
As shown in tables 2 and 3, the NDF content in diets and lignin intake increased with increasing levels of palm kernel cake, which may have caused the accompanying decrease in DM intake, since lignin is less digestible than others cellular walls components and prevents the digestion of other components of the cell wall by its recalcitrant effect. Earlier studies (23) observed a linear decrease in DM intake in sheep fed up to 29.7% of palm kernel cake in place of wheat bran. Silva et al (24) reported a reduction in total DM intake in calves aged 60 to 120 days with the addition of palm kernel cake into daily concentrate, and attributed this reduction to the high fiber content in the palm kernel cake.
The consumption of NDF increased (p<0.05) as the proportion of palm kernel cake increased in the diet. This might be a response to the high levels of NDF in the palm kernel cake (Table 1) which also resulted in an increase in NDF content in the experimental diets (Table 2) . Despite the decrease in DM intake, the increasing quantities of NDF content in the diets might be responsible for those results. Silva et al (25) found that diets containing ammonized elephant grass and palm kernel cake for sheep increase in NDF intake in a group fed with 40% palm kernel. The results were consistent with our findings, and were attributed to the levels of NDF in the product.
The consumption of non-structural carbohydrates decreased (p<0.05) with the addition of palm kernel cake in the diet (Table 3 ). This may have been due to the reduction of these components in the diet and the decrease in dry matter intake ( Table 2) . Castro et al (26) , observed a linear decrease in NSC intake in Santa Inês lambs using diets containing maniçoba (Manihotglaziovii) hay, this was attributed to the decrease in NSC in diets following the addition of maniçoba hay. Despite the reduction in dry matter intake, the different palm kernel cake levels had no effect on the consumption of CP (Table 3) , the decrease in the dry matter consumption could also reduce the consumption of CP, which was partly offset by the content of CP of the palm kernel. Consumption of palm kernel also contributed to the increase in the EE. Weight gain following the addition of palm kernel cake to the diet was similar in all treatments (p>0.05), which might be a consequence of TDN intake, because energy is the most important fraction for weight gain, increasing the energy content of a diet does not necessarily mean higher energy intake for the animal to the addition of TDN. Dietary differences in characteristics provided this increase should be accompanied by greater intake of the TDN that was not found in this experiment. Although there were differences of some the carcass characteristics, Carvalho et al (27) , they observed that the inclusion of cocoa meal in feed for sheep, have a similar response (daily weight gain 0.140 kg /day).
The feed:gain ratio of NSC improved, and although the consumption of NSC decreased, there was probably better use of the nutrients, because the NSC was replaced by EE from the palm kernel cake, leading to the consumption and conversion of TDN to similar treatments. The conversion of NDF decreased with the addition of palm kernel cake and the consumption of NDF probably increased to maintain the same body weight gain. The morphometric measures, ( Table  5) have not been influenced by the addition of palm kernel cake, probably due to the low consume of DM and digestibility of NSC, which have reflected in the similarities between the treatments for energy and protein consume.
The carcass weights and proportions of commercial cuts did not differ between treatments (Table 7) , probably because the treatment did not affect body weight at slaughter. This is related to anatomical harmony cited by Boccard and Dummond (28) , according to which, carcass weights and similar amounts of fat, all regions are in similar proportions
The carcass compactness index, have shown decreased linear behavior with addition of palm kernel cake, probably due to the increase of the NDF content plus the higher lignin and lower DM intake could have contributed to the reduction in carcass weight.
The increase in NDF content plus the higher lignin and lower DM intake could have contributed to the reduction in carcass weight. Studies on Santa Ines Sheep carcass characteristics, grazed on natural pasture and submitted to levels of supplementation, reported differences on the carcass compactness, related to the variation on carcass weight, since the body measures did not have influence of supplementation level ( 29) .
This could be attributed to the increasing NDF and decreasing NSC intake (Table 3) , which in turn might have resulted in the lower deposition of muscle mass in the carcass as a consequence of reduced nutrient levels (30) .
On the other hand, body weight at slaughter was similar for all treatments, although as the shoulder and leg are composed of muscles in early development their proportions may decrease as the animal grows. The leg muscle and leg compactness indexes were not influenced by the addition of palm kernel cake, probably due to the similarities in the consumption of protein and energy, which resulted in similar weight gain and slaughter weight among treatments.
The rib eye area is an important variable for predicting the amount of carcass muscle, but must be considered with other carcass characteristics to better evaluate the composition of the carcass (31) .
The values observed in this study are similar to those reported by Cunha et al (32) , who studied the quantitative characteristics of Santa Inês lambs fed with different levels of whole cotton seed reported values of 31.63 and 21.99% for leg and shoulder, respectively.
We conclude that the addition of up to 19.5% palm kernel cake reduces DM intake, the carcass compactness index and the commercial yield, but has no effect on weight gain, refrigeration yield or feed dry matter.
